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SUMMARY AND CONCLUSIONS

The toxicity of the substances toluene diisocyanate 80/20 (TDI), toluene diamine 80/20
(TDA), diphenyl-methane-diisocyanate (MDI) anc 4,4'-diaminodi-phenylmethane, labora-
tory product (MDA) to the plant species Avena sativa (oats) and Lactuca sativa (lettuce)

=re tested in accordance with the OECD Guidehine no. 208 (ref. 1) and the draft EC
Guideline (ref. Z) and the OECD principles of Good Laboratory Practice (ref. 3). The toxic
endpoints were emergence of the seedlings, growth (wet-weight at the end of the test),
survival of seedlings and visual appearance of the plants.

For each concentration 4 x 5 plants were grown in a mixture of agricultural soil and coarse
sand, supplemented with potassium and phosphorus. The plants were zxposed for 17 days;
emergence of the seedlings in the controls occurred within 3 days. After emergence the
plants were further exposed for a growth period of at least 14 days.

The concentrations of the test substances are expressed in mg.kg-! of the dry soil mixture.
These concentraiions refer to the test substance as supplied by the sponsor.

Range-finding tests were performed with the four test substances in concentrations of 0, 10,
100 and 1000 mg.kg-!. Based on the results of these range-finding tests the concentrations
of the final tests were chosen. In the final tests, the dosed concentrations were:

TDI: Avena sativa: 0 and 1000 mg.kg"!
Lactuca sativa: 0, 320 and 1000 mg.kg"!
TDA: both species: 0, 10, 32, 100, 320 and 1000 mg.kg!
MD1: both species: 0 and 1000 mg.kg"!
MDA: Avena sativa: 0, 10,32, 100, 320 and 1000 mg.kg"!
Lactuca sativa: 0, 3.2, 10, 32, 100 and 320 mg kg!
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The observed and estimated =ffect concentrations for the species Avena sativa (As) and
Lactuca sativa (Ls), expressed in mg of test substance per kg dry soil, were:

TDI TDA
As Ls As

NOEC emergence
NOEC survival (14 days)
NOEC growth (14 days) 100

EC50 growth (14 days) : 353 1 128

No eirects w1 emergence, survival or wet-weight, were observed for the two diisocyanates
(TDI and MDI) after 17 days (a three day germination and emergence period and a 14 days

growth period) exposure to the highest test corcentration, i.e. 1000 mg.kg"! of dry soil.

The two diamines (TDA and MDA) appeared to be more toxic than the corresponding
diisocyanates. TDA affected survival of one of the plant species, Lactuca sariva, during the
first 14 days after emergence. For TDA the toxic endpoints growth and emergence are
equally sensitive, for MDA growth is a more sensitive toxic endpoint than emergence.
Comparing the most sensitive toxic endpoint for each of the two diamines, MDA was
observed to be more toxic than TDA.

The dicotyledonous plant Lactuca sativa was more sensitive 1o TDA and MDA than the
monocotyledonous Avena sativa.

The environmental conditions during the expcriments were as follows:

Temperature > 191025°C

Moisture content : about 25% (based on dry constituents)
pH at start : between 7.5 and 7.7

pH at end : berveen 7.7 and 7.8

Light-dark regime : 16 hours light, 8 hours dark

Light intensity : 6000 to 8000 lux
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11 INTRODUCTION

The toxicity of the substances toluene diisccyanate 80/20 (TDI), toluene diamine 80/20
(TDA), diphenyl-methane-diisocyanate (MDI) and 4,4'-diaminodiphenylmethane, labora-
tory product (MDA) to the plant species Avena sativa (oats) and Lactuca sativa (lettuce)
were cetermined at the request of the sponsor. The tests were carried out in conformity
with the OECD Guideline no. 208 (ref. 1) and the Draft EC Guideline (ref. 2) and the
OECD principles of Good Laboratory Practice (ref. 3). The duration of the tests was 17
days. The test substances were supplied by the sponsor.

he four test substances were tested separately.

For each *est substance the objectives of the studies were to determine in case effects could

be observed at concentrations at or below 1000 mg.kg-! of dry soil:

« the maximum concentration tested producing no inhibition of emergence of seedlings,
and the maximum concentration tested producing no mortality, growth inhibition or
any visual abnormalities during a 14 days growth period.

« the 14 days EC50(growth) of the test substance, i.e. the concentration which reduces
the wet-weight of the plants after a 14 days growth period to 50% of the wet-weight of
the plants in the control m:-ium.

« the 17 days EC50(emergence) of the test substance, i.e. the concentration which
reduces the emergence of the seedlings to 50% of the emergence in the control
medium.

Otherwise, the objective of the studies were 1o determine in a limit test whether no effects
could be found at a concentration of 1000 mg kg'! of dry soil.

The effects of concentrations higher than 1000 mg of test substance per kg of dry soil were
not investigated.

v Y
¥ i
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Relevant dates for the tests were:

TDI:  Protocol (GLP 91/058) signed by the Study Director on:
April 19, 1991
Amendment No. 1 to this protocol signed by the Study Director on:
October 4, 1991
Peiiod of range finding tests:  February 13, 1992 to March 2, 1992
Period of Final tests, A. sariva: March 20, 1992 to April 6, 1992
L. sativa: April 6, 1992 to April 23, 1992

Protocol (GLP 91/059) signed by the Study Director on:
April 19, 1991
Amendment No. 1 to this protocol signed by the Study Director on:
October 4, 1991
Period of -ange finding tests:  February 21, 1992 to March 9, 1992
Period of Final tests: March 12, 1992 to March 29, 1992

Protocol (GLP9 1/060) signed by the Study Director on:
April 19, 1991
Amendment No. 1 to this protocol signed by the Study Director on:
October 4, 1991
Period of range finding tests:  March 11, 1992 to March 27, 1992
Period of Final tests: April 6, 1992 to April 23, 1992

Protocol (GLP 91/062) signed by the Study Director on:
April 19, 1991
Amendment No. 1 to this protocol signed by the Study Director on:
October 4, 1991
Period of range finding tests:  February 13, 1992 to March 2, 1992
Period of Final tests: April 8, 1992 to April 25, 1992
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MATERIALS AND METHOD

2.1 Test substance

The test substances were toluene diisocyanate 80/20 (TDI), toluene diamine 80/20 (TDA),
diphenyl-methane-diisocyanate (MDI) and 4,4 -diaminodiphenylmethane, laboratory pro-
duct (MDA). The test substances will be indicated in this report by the abbreviations, TDI,
TDA, MDI and MDA respectively.

For these tests the following batches of test substance were used:

TDI : The batch of test substance was received on July 2, 1991 in a 1 lize aluminium
screw-capped bottle. This bottle was labelled: 'Desmodur T80 Giftig 2,4/2,6-di-
isocyanat-toluol., Datum: 20.6.1991, Partie: 808, Tank: 6, Referenz. IMW
91/746. The test substance came in the form of a colourless to yellowish liquid.
The test substance was stored at room temperature, protected from light in a
closed cupboard. According to the sponsor, TDI contained 80% of the 2,4
isomer and 20% of the 2,6 isomer of toluene diisocyanate and its purity was
more than 99.9%. TDI was stated to 1eact with water and to be soluble in aceton.

The batch of test substance was received on July 2, 1991 in a | litre aluminium
screw-capped bottle. This bottle was labelled: 'M-TDA, Giftig 2,4 v 2,6-
diaminotoluol., 4.6.91, PT.12, Referenz: IMW 91/746. The test substance came
in the form of a brown solid. The test substance was stored at room temperature,
protected from light in a closed cupboard. According to the sponsor the batch
contained more than 99% active ingredient, i.e. toluene diamine. The water
solubility of TDA was stated to be about 100 g.I"1.

The batch of test substance was received on February 24, 1992 in a 1 litre alumi-
nium screw-capped bottle. This bottle was labelled: '4,4' diphenylmethan-diiso-
cyanat, isomere/homologe, harmful, Bayer AG'.E: te~ substance came in the

form of a dark-brown liquid. The test substance was stored at room temperature,

protected from light in a closed cupboard. According to the sponsor the active
ingredients of MDA were diphenyl-methane-diisocyanate (isomers and homolo-
gous) and consisted of 40-50% of the 4,4-isomer, 2-4% of the 2,4'-isomer and

40-60% of 3-ring isomers. MDI contained traces of phenylisocyanate and

.
'550
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monochlerbenzene as impurities. MDI was stated to react with water, fon

urea and CO» and to be soluble in aceton.

The batch of test substance was received on January 20, 1992 in a 1 litre square
glass bottle with a blue screw-cap. This bottle was labelled: 'Referenz IMW
91/746, 4,4'-diamino-diphenylmethan, BMC 200/10: MDA 100 dest'. The test
substance came in the form of a colourless to light yellow solid lump. The test
substance was stored at room temperature, protected from light in a closed
cupboard. According to the sponsor its purity was more than 99.5% of the active
ingredient, 4 4'-diaminodiphenylmethane (laboratory product). MDA contained
traces of 2,4'-diaminodiphenylmethane and higher molecular weight oligomers
as impurities. MDA is stated to be practically insoluble in water and to be

soluble in aceton.

The composition and properties of the four test substances as specified by the sponsor are
recorded in Annex A.

2.2 Test organism

The test organisms were the plant species Avena sativa L. {oats) and Lactuca sativa L.
(lettuce). The seeds of Avena sativa (oats) were obtained from CEBECO (Roterdam, the
Netherlands) on June 13, 1991. The seeds of Lactuca sativa L. 'Ravel RZ' (Lettuce) were
obtained from Rijk Zwaan (De Lier, the Netherlands) on February 18, 1991.

The seeds of Avena sativa were sown at a depth of about 1 cm, the top of the seeds
upwards and were covered with soil. The final ac justment of the moisture content of the

soil in the test vessels was camed out after sowing.

The seeds of Lactuca sativa were sown on top of the soil. No water was added after the
sowing of Lactuca sativa.
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2.3  Description and preparation of semi-natural soil

The soil used was a mixture (1:1) of agricultural soil from an orchard in Heerewaarden (the
Netherlands) and coarse sand (grain size 500 to 1000 um). A quantity of 1.66 g KoHPO4
was added per kg of dry soil mixture to assure good growth conditions. The organic carbon
content of the soil-sand mixture was 1.1%. The pH (KCl) of this soil was between 7.5 and
7.7. This 1s slightly higher than the pH range of 5.0 to 7.5 prescribed in the OECD (ref. 1)
and EC {ref. 2) guidelines. It is not expected that this slight deviation in pH influences the
results of these tests. The composition of the agricultural soil is given in annex C.

For test substances which were sufficiently soluble to be dosed directly in water to the
relatively dry soil-sand mixture, the agricultural soil, the sand and the appropriate amount
of test substance dissolved in the amot t of water necessary to obtain the desired moisture
content in the soil were mixed per concentration. Mixing was done in a polyethylene bowl
using a hcusehold mixer. However, only TDA could be dosed in this manner.

Test substances which could ve dissolved in acetone, were prepared by arother method.
The coarse sand was separately coated with the test substance for each test substance
concentration. The coating was performed in a glass cylinder, the appropriate amount of
sand (900 g) being soaked with a solution of the test substance in acetone. The evaporation
of the acetone was speeded up by blowing N through the sand from below. The coated
sand was mixed in a stainless steel bow] with the agricultural soil and the appropriate
amount of water using a hand mixer. Soils with TDI, MDI and MDA were prepared in this
way.

2.4 Test method

The tests were conducted in accordance with the OECD Guideline no. 208 (ref. 1) and the
Draft EC Guideline (ref. 2). Range-finding tests were performed with the four test sub-
stances and the two test species to determine the test concentration in the final test. In the
range-finding test with TDI and MDI no effects were observed in either of the test species
at a concentration of 1000 mg.kg-! of dry soil. Therefore, in the final tests MDI was tested
in a limit test with both plant species and limit tests of TDI with both plant species were
started.
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However, in the limit test with TDI and Lactuca sativa the soil appeared to be thightly set

and very wet at 1000 mg.kg-! of dry soil. This might influence the seed emergence and
growth. Therefore, this test was i errupted and a new final test of TDI with Lactuca sativa
was started with an extra test concentration of 320 mg.kg-! of dry soil.

The preparation of the test medium is described for each test substance separately.

The moisture content recorded is always based on dry constituents.

241 Preparation of test medium with TDI

TDI was tested in a limit test, i.e. ouly controls and a test substance concentration of
1000 mg.kg-! dry soil were tested for the plant species Avena sativa. Lactuca sativa was
also tested with 320 mg TDI per kg dry soil. The tests with A. sativa and L. sativa were not
performed simultaneously. Different batches of scil were prepared per concentration and
per plant species.

For the test with Avena sativa a quantity of 4.58 g of TDI was accurately weighed and
dissolved in 254.4 ml of acetone. From this solution, 100 ml was added to 900 g of the
coarse sand. The sand was coated as described in section 2.3. Once coated, the sand was
mixed with 1016 g of agricultural soil (moisture content 12.8%; 900 g dry agricultural soil,
116 g water) to reach a test concentration of 1000 mg TDI per kg of dry soil. Controls were
prepared in a similar manner by adding 100 ml of pure acetone to 900 g coarse sand. A
quantity of 2.99 g K;HPO4 was added to this soil mixture and was thoroughly mixed with
150 ml of demineralized water.

A quantity of 367 g of the thus prepared soil was placed in each test vessel, a plascuc cup
(320 g dry soil, 47 g water), and was filled up to 400 g with demineralized water. Five cups
containing 1000 mg of TDI per kg of dry soil and five cups containing control soil were
prepared in this way

For the test with Lactuca sativa, a quantity of 4.51 g of TDI was accurately weighed and
dissolved in 250 ml of acetone. A dilution of this stock solution was made by diluting 32
ml of this solution to 100 ml with acetone. From these solutions, 100 ml was added to 900
g of the coarse "and. The sand was coated as described in section 2.3. Once coated, the
sand w2s mixed with 1014 g of agricultural soil (moisture ccaient 12.7%; 900 g dry
agricultural soil, 114 g water) to reach test concentrations of 320 and 1000 mg TDI per kg
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of dry soil. Controls were prepared in a similar manner by adding 100 ml of pure acetone
to 900 g coarse sand. A quantity of 2.99 g KoHPO4 was added to this soil mixture and was
thoroughly mixed with 150 ml of demineralized water.

A quantity of 367 g of the thus prepared soil was placed in each test vessel, a plastic cup
(320 g dry soil, 47 g water), and was filled up to 400 g with demineralized water. Five cups
containing 320 and 1000 mg of TDI per kg of dry soil and five cups containing control soil
were prepared in this way.

242 Preparation of test medium with TDA

A quantity of 6.10 g of TDA was accurately weighed and dissolved in demineralized water
to make up a total volume of 508.3 ml. Aliquots of 1.5, 4.8, 15 and 48 ml of this stock
solution were made up to 150 ml with demineralized water. These solutions and 150 ml of
the stock solution were cach added to 1920 g of the soil-sand mixture (moisture content
6.5%; 1800 g of dry soil mixture (agricultural soil:coarse sand 1:1 and 2.99 g K2HPOy),
116 g water) to reach test concentrations of 10, 32, 100, 320 and 1000 mg TDA per kg of
dry soil. Controls were prepared in a similar manner by adding 150 ml of demineralized
water to 1920 g soil-sand mixture. This mixiure was thoroughly mixed.

A quantity of 367 g of the thus prepared soil was done in each test vess=l, a plastic cup
(320 g dry soil, 47 g water), and the cups were filled up to 40C g with demineralized water.
Five cups containing 10, 32, 100, 320 and 1000 mg of TDA per kg of dry soil and five cups
containing control soil were prepared in this way.

2.43 Preparation of test medium with MDI

MDI was tested in a limit test, i.e. only controls and a test substance concentration of
1000 mg.kg-! dry soil were tested with both plant species. A quantity of 4.59 g of MDI was
accurately weighed and dissolved in 255 ml of acetone. From this solution, 100 ml was
added to 900 g of the coarse said. The sand was coated as described in section 2.3. Once
coated, the sand was mixed with 1014 g of agricultural soil (moisture content 12.7%; 900 g
dry agricultural soil, 114 g water) to reach test concentrations of 1000 mg MDI per kg of
dry soil. Controls were prepared in a similar manner by adding 100 ml of pure acetone to
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900 g coarse sand. A quantity of 2.99 g K;HPO4 was added to this soil mixture and was
thoroughly mixed with 150 ml of demineralized water.

A quantity of 367 g of the thus prepared soil was done in each test vessel, a plastic cup
(320 g dry soil, 47 g water), and was filled up to 400 g with demineralized water. Five cups
containing 1000 mg of MDI per kg of dry soil and five cups containing control soil were
prepared in this way.

2.4.4 Preparation of test medium with MDA

A quantity of 9.13 g of MDA was accurately weighed and dissolved in 507.2 ml acetone.
Aliquots of 0.8, 2.5, 8.0, 25 and 80 ml of this stock solution were made up with 250 ml of
acetone. From these solutions, 100 ml was added to 900 g of the coarse sand. The sand was
coated as described in section 2.3. Once coated, the sand was mixed with 1014 g of agri-
cultural soil (moisture content 12.7%, 900 g dry agricultural soil, 114 g water) to reach test
concentrations of 3.2, 10, 32, 100, 320 and 1000 mg MDA per kg of dry soil. Controls
were prepared in a similar manner by adding 100 ml of pure acetone to 900 g coarse sand.
A quantity of 2.99 g KoHPO4 was added to this soil mixture and was thoroughly mixed
with 150 ml of demineralized water.

A quantity of 367 g of the thus prepared soil was done in each test vessel, a plastic cup
(320 g dry soil, 47 g water), and was filled up to 400 g with demineralized water. Five cups
containing 3.2, 10, 32, 100, 320 and 1000 mg of MDA per kg of dry soil and five cups

containing control soil were prepared in this way.

245 Test conditions and measurements

A series of five tests cups were prepared per test substance concentration and per control.
Seeds were sown in each of four of these; the fifth was used for pH measurement.

The tests were carried out in a thermostatically controlled room under a light-dark regime
of 16 hours light and 8 hours dark The light intensity during the light period was about
6500 lux (between 6000 and 8000 lux). Near the plants the tempecrature varied between
19°C (dark period) and 25°C (light period). The test vessels were circular plastic cups
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(food quality) with a maximum diameter of about 9.3 cm and a height of about 6.0 cm. The

cups were filled to about 2/3 with soil. Water ~ould not drain from the cups; the cups were
only open at the top side.

About 10 seeds were sown in each of the cups and covered with a glass plate. The space
between the glass plate anc the top of the soil was about 2 cm. It was removed after the
seeds had germinated and before they grew tall enough to touch it. All emergence of
seedlings was recorded. Five seedling were left to grow, the others were removed. These
five remaining plants were chosen from the first group of germinated plants so that they did
not grow too closely together. Preferably, only healthy looking individuals were chosen.

At the start of the tests, the soil had a moisture content of about 25% (based on dry
constituents). After the glass plates were removed from the cups, they were weighed daily,
and demineralized water was added to the soil to bring the moisture content back to the
initial level (the weight of the plants in the cup was ignored and to compensate for the
weight of the plastic cup, the balance was tared using another plastic cup)

At the start of each test the pH values in the control soils were determined (to measure the
pH, 50 g of soil was added to 100 ml of 0.1 M KCl and the pH of the supernatant deter-
mined after one hour. The pH was measured in threefold. The mean of these values is
given). The pH at the start of the test with TDI (A. sariva and L. sativa separately), TDA,
MDI and MDA were: 7.6 (A. sativa), 7.7 (L. sativa), 7.5, 7.7 and 7.7 respectively.

The tests lasted for 17 days, including 3 days (at most) until emergence of the seedlings
from the soil in the controls and at least 14 days after emergence. Emergence of the
seedlings was recorded. Several times a week the visual appearance of the plants was
assessed in comparison to the controls. Morality of the plants was recorded. At the end of
each test (at least 14 days after emergence of the seedlings in the control) the shoots of all
surviving plants were harvested and immediately weighed individually. Avena sativa was
harvested by cutting of the shoots immediately above the thickening at the place of the seed
envelope. Lactuca sativa was harvested by cutting of the shoots immediately above the
first root.

At the end of each test the pH of the soil in which the plants were grown was determined
for both species separately. No differences in pH values were found between both species.

A
!i.'{,'
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The mean pH values in the controls at the end of :he «. st all felt within the range of 7.7 1o
7.8.

25 Treatment of the results
2.5.1 NOEC values

The 'no observed effect concentrations’ (NOEC values) are the highest concentrations
tested showing no effects (defined below) throughout the exposure period. The NOEC
values were estimated by companng emergence, mortality, wet-weight at the end of the
growth peried and visual appearance of the exposed seeds and plants with those of the
contro! seeds and plants.

T'o determine the NOEC for emergence and mortality, the dates of emergence of seedlings
and the morality dates of each concentration were compared pair-wise with those in the
control using a binomial test (2 x 2 contingency table). A significance level of 5% was
used. Effects on emergence could both come in the form of postponement and of complete
preventioil.

To determine the NOEC for wet-weight after the growth period, a multiple comparison was
made between the wet-weight of each plant at each concentration and the wet-weight of the

plants in the control using a two-tailed Dunnett test. It was assumed that the plants in each

cup were growing independently of each other. A significance level of 5% was used.

The NOEC was determined as follows:

« At the NOEC no significant differences with the controls were observed.

» At the first higher test concentration (LOEC; lowest gbserved effect concentration) a
significant difference with the controls was observed.

At all higher concentrations tested, the differences with the controls were either also
significant or larger than those at the LOEC.

The NOEC for physical appearance of the plants was not determined statistically.
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252 ECS50 (growth) values

The effect of the test substance on growth of the plants is expressed by a quantity denoted
as the EC50(growth) (= Effect Concentration, 50% on growth), i.e. the exposure concen-
ration of the test substance which would reduce the weight of the plants after a given
growth period to 50% of the weight of the plants in the control medium.

The tests with TDI and MDI, however, were not designed to calculate an EC50(growth)
value (because no effect was expected at 1000 mg.kg-!; only that one concentration, and in
one case also 320 mg.kg"!, was tested).

For TDA, the concentration: wet-weight relationship was not suitable for calculations (the
number of concentrations causing intermediate effects wers too small). The EC50(growth)
value is therefore only given as being between the highest test concentrations leading to a
wet-weight of more than 50% of the control and the lowest test concentration leading to a
wet-weight of less than 50% of the control.

For MDA, the EC50(growth) values were calculated using an iterative maximum
likelihood estimation procedure which assumes a relationship between wet-weight (W) at
the end of the exposure period and exposure concentration (C) of the form

W(C) = W(0)/[1+ (C/ECS0)%)

where g is a slope parameter, i.e. the larger g becomes, the steeper the concentration-effect
curve. A normally distributed error in the wet-weight was assumed.

253 ECS0 (emergence) values

The effect of the test substance on emergence of seedlings is expressed by a quantity
denoted as the EC50(emergence) (= Effect Concentration, 50% on emergence), i.c. the
exposure concentration of the test substance which would reduce the emergence of the
seedlings after a given exposure period to 50% of thc emergence of seedlings in the control
medium.

Br
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The tests with TDI and MDI, however, were not designed to calculate an EC50(emergence)
value (because no effect was expected at 1000 mg.kg"!; only *hat one concentration, and in

one case also 320 mg.kg!, was tested).

For TDA and Avena sativa, the 17d EC50(emergence) value was calculated using an
iterative maximum likelihood estimation procedure which assumes a relationship between
% emergence (E) at the end of the exposure period and exposure concentration (C) of the
form

E(C) = 100/[1+ (C/EC50)9)

where a is a slope parameter, i.c. the larger a becomes, the steeper the corcentration-effect
curve. Emergence of the seedlings was assumed to be independent. This method is
described by Kooijman (ref. 4) for survival data.

For MDA, the concentration emergence relationship was not suitable for calculation of the
EC50. For both plant species the % emergence at the end of the test was more than 50%,
even in the highest test concentration.
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3. RESULTS

The results of the tests, expressed as NOEC and EC50 values, are presented in table 1.
The number of seeds sown, the number of emerged seedlings and th= plant monality are

listed in anrex B, tables B1.1 to B1.4 together with the mean wet-weight of the plants at

the end of the tests and the visual estimated condition of the plants.
The individual wet-weights of the plants are listed in annex B, tables B2.1 to B2.4.

The plants were exposed for 17 days; emergence of the seedlings in the controls occurred
within 3 days.

Table 1. Resulis of the tests with TDI, TDA, MDI and MDA and the plant species Avena sativa (As) and
Lactuca sanva (Ls).

Parameter Effect Plant Nominal concentration (mg.ky™' dry soil)
species

TDI TDA MDI MDA
emergence As 21000 " 3208 21000 Y 320
Ls 21000 Y 100 21000 V) 100

mortality of 21000 V) 21000 V) 21000 " 21000 "
seedlings 21000 " 320 21000 " 21000 "

appearance 21000 " 3202 21000 " 1003
21000 V) 1003 21000 Y 104

growth 21000 " 320 21000 " 100
(wet-weight) >1000 " 100 21000 " 10

growth 10005  [>320; <1000" | >1000 ) 3536
(wet-weight) 1000 5 15320; <1000V [ >1000 % 1287

Highest concentration tested.

Observed effect at 1000 mg.kg™': Plants were smaller than in control and dark-green. One of the plants
seemed 1o be death half-way the test, but at the enc of the test this plant was found to be still alive.
Observed effect at 320 mg.kg': Plants wure smaller than in control.

Observed effect at 32 mg.kg'': Plants were less regular in size than in control, at 100 mg.kg™' the plants
were smaller than in the control.

ECS0 value could not be determined, since even a: the highest concentration tested no effects were
observed on growth.

95% confidence interval 329-379 mg.kg™' dry soil.

95% confidence interval 116-142 mg.kg™ dry soil.

At 320 mg.kg'' emergence was observed of only 36 of the 40 seeds. This reduced emergence, however,
did not deviate significantly (5% level) from the control emergence.

No effects on the emergence of seedlings, survival, appearance or growth were observed in
either of the two plant species tested after 17 days exposure to the highest test concen-
tration for the two diisocyanates (TDI and MDI) (1000 mg.kg"! dry soil). Since both diiso-




R 92/201 page 22 of 44

RA92201IMWija

tration for the two diisocyanates (TDI and MDI) (1000 mg.kg-! dry soil). Since both diiso-
cyanates react with water. the absence of any effects may be due to the disappearance of
the diisocyanates from the test medium.

The two diamines (TDA and MDA) appeared to be more toxic than the corresponding
diisocyanates. With respect to growth, the most sensitive toxic endpoint in this test, MDA
was more toxic than TDA to both Avena sativa and Lactuca sativa.

TDA affected the survival of Lactuca sativa after emergence at 1000 mg.kg-! dry soil. No
effects from MDA on plant survival were observed.

Both TDA and MDA affected the emergence of the seedlings. The highest test concentra-
tion of TDA reduced seedling emergence before the end of the test of Avena sativa to less
than 50%. The 17d EC50 (emergence) of Avena sativa for TDA is 904 mg.kg-! of dry soil
(95% confidence interval 700-1170 mg.kg™1).

For TDA, emergence of seedlings and growth proved to be equally sensitive toxic end-
points. MDA affects growth more severely than seedling emergence. Effects on seedling
emergence appeared for both TDA and MDA in two forms: reduction in the number of
seedlings emerging and postponement of emergence. Theoretically, a reduction in wet-
weight at the end of the test can be caused by delayed germination. For Lactuca sativa,
germination of the seeds and emergence of the seedlings occir simultaneously, since the
seeds of L. sativa are placed on top of the soil and not in it. With Avena sativa, delayed
seedling emergence can point to delayed germination of the seeds. TDA delays seedling
emergence, and therefore germination of Lactuca sativa and may be of Avena sativa, by at

mest 4 days at concentrations of 1000 and 320 mg.kg ! respectively. The reductions in wet-

weight induced Dy these concentrations of TDI are too lary - 0 be explained by a delay in
germination (wet-weight at these concentrations less than 20% and 10% of the wet-weights
in the controls for A. sativa and L. sativa respectively). For MDA, effects on wet-weight
were already observed at concentrations at which no effects on seedling emergence were
observed. Theiefore, for both diamines and both plant species, the effect on wet-weight is
an effect on growth and not an indirect effect as a result of delayed germination.

For both diamines (TDA and MDA) the dicotyledonous plant Lactuca sativa (lettuce) was
more sensitive than the monocotyledonous Avena sativa (oats).
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RETENTION OF RECORDS AND SAMPLES

All the data generated and all othcr information relevant to the quality and integrity of
these studies have been filed under the study references IMW-91-0032-02/03 (TDI), IMW-
91-0033-02/03 (TDA), IMW91-0034-02/03 (MDI) and IMW-91-0036-02/03 (MDA) in the
archives of the TNO Institute of Environmental Sciences, Schoemakerstraat 97, 2628 VK
Delft, The Netherlands. These records will be retained for a period of at least ten years after
the cover date of this report.

Samples of the test substances have been deposited under the sample references IMW-91 -
0032-A (TDI), IMW-91-0033-A (TDA), IMW-91-0034-A (MDI) and IMW-91-0036-A
(MDA) in the sample archives of the TNO Institute of Environmental Sciences at the sa..ie

address; these samples will be stored for a period of at least ten years.
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DEVIATIONS FROM THE PROTOCOL

The pH values were not determined at the highest corncentration of the test substances to
prevent the risk of the contamination of the pH electrode. The OECD Guideline 208 (ref. 1)
and the Draft EC Guideline (ref. 2) do not prescribe these measurements.

TDA was dosed by dissolving in water, and not in acetone.

The acetone in which the three of the test substances were dosed (TDI, MDI and MDA)
was mixed with the coarse sand, and the evaporation of the acetone v-as speeded Lp by
blowing N> through the sana from below.

For the terts with TDI, MDI and MDA, controls were only used in which the soil was
treated with the solvert acetone, in 2 similar manner to the soils with the test substance.
This is in accordance with the OECD Guideline 208 (ref. 1) and the Draft EC Guideline

(ref. 2).

The laboratory product MDA was given TNO code SIE. However, until February 28, 1992
this test substance was errorously given TNO code SID. Since the test substance which was
originally allocated this code (MDA, commercial product), was removed from the TNO
test substance list and furthermore was only slightly different from SIE, no consequences
can be expected from this mistake.

At the end of the dark period the temperature near the plants dropped to about 19°C.

The temperature was not measured every dav during the experiment, but sampled
periodically.

In the protocols, the test substances TDI and TDA were 1ndicated as TDI 80/20 and TDA
80/20 respectively. The abbreviation MDA for the test substance 4,4'-diaminodiphenyl-

methane, laboratory product, was not used in the protocol.

Mr A. van Mul'en assisted in some of the tests.
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ANNEX A COMPOSITION AND PROPERTIES OF TDI, TDA, MDI A ID MDA

A1 Composition and properties of TDI

DiVISION OF TECHNOLOGY FOR SOCIETY TNO
DEPARTMENT OF BIOLOGY

Form no. : MTRVEG/00w
For : Characterization of the lesi subsiance
Beionging o : Slandard operaung procedure MTB/PG/003

toluene D11socyanate 8O, ¢u
101 80/20

Test substance namae or code 10 De used In repon:

Storage conditions:

Siorage lemparature. [ vt | Mkmm ummuern i i

=c-1.
Pnotostaility [M proteat trom ght | Expury da'e: b_months from sample date ¢

* dele.a where applicable

Characierization:

Pnyscal appearance:  Colourless to yellowish 1iquid at room temperature

Bongpoint: 247 *Cat 760 mm Hg Malting point: 11"z *C Densty: 1,21 g/cm”
dacnno.: _ AnA Quantity submitted: 4 E (192

Acuve ingredient. _ Tglyene Di n 2.4 1 r 1 1 r

Camer, solvent or dilut'ng agent: _ ./.

Percentage content of activs ingredient: 99,9

Naiure ana quanity of impunties: Chlorine containing aromatic substances

Solvent Solubility Maximum storage time of solution

waler T0! reacts with water

acelone Yes solution should be freshly prepared
methanol_ D)

ethanol % TDl reacts with alcohols

aimethyisulphoxide 101 reacts with DMSO

Inlormanon on toxiciy (acute toxicity, oral-, dermal or inhalauon loxicity, skin- and eye irnitation,
SeNSAIZALON, CANCINOQeNICIty , mulagenciy, 91C.).

DIN Safety Data Sheet
Bayer 043412/01

IS Ine lest subSIANCe expiosive, inflamable, COMOSVE. 31 October 1990

Otner special hanaking instructions:

Form compieted by: Signature:

TNOswayno. [ MeZ 3| | 4, f{olol 2l iMool 5]
2900601 TMmw
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A2

Composition and properties of TDA

DIVISION OF TECHNOLOGY FOR SOCIETY TNO
DEPARTMENT OF BIOLOGY

Form no - MTB/EG/003
For : Characterzalion of the le:! subslance
Belenging 1o Stanard operaling proce~ure MTB/PG/003

Test substance name of code 10 be usad In repont: loiuenc Diamine 60/2C
I0A RQ/20

Siorage conditions:

Slorage temratuu.l Mr [ rMac]mmumuluro Wun
- =
F'homﬂlblilry:wiptouq from bgnt I Expuy cate: 6 MONths from sample date
* de'sle where applicable

Characterization:

Physical appearance brown solid

TY 100
*C

TG qr:.fl'l"‘—

Boiing point®? 288ec 3 70 iy Meling point:
Baicn no.. AL Quanthy submated: 4
Active Ingrecient:  1oluene Diamine 4
Carrier, solvent or giluting agent: -/ -

Percentage content of active ingrecient: 99 %

Nalure and quantty of impurtties: hgh boiling resicues

Densay

Solvent Solublihty Maximum stcrage time of solution

waler yes (100 g/') solution should be freshly

acelons & prepared each time
metnanol f

ethanol

aimelhylsuliphoxide not tested

intormanion on toxicily (acule loxicily oral-, dermal or inhalauon texicily, skin- and eye irnlaticn,
sensiizalor, carcinogenicity , Mulagencily, 81C.):

NIN Safety Sheet

2ayer 011405/05
n 1. Y

IS (he @St substance expiosive, inflamab!s. corrosve % December 1990
Other special handing instructions

Farm compleled by Signalure:

TNO slugy no [u..-r-________"‘?”&.' ro0lo 3|3 Hol |
L Y

2500601
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Composition and properties of MDI

DIViSION OF TECHNOLOGY FOR SOCIETY TNO
DEPARTMENT OF BIOLOGY

Farm no :MTB/EG/003
For : Charactenzation of the test substance
Beionqing 1o : Standard oper .ung procedure MTB/PS Y03

Test substance name or COO@ tO De used IN repon: Dipnenyl-metrane-glisocyarate Mo,

Storage condhions:

F r .
Storage lemmurl.M| r or | room ter~perature |M!
| , | e

Protosiapility Pooo IM]' Expwry cate: max. 6 months storage time at

20-257C
* delete where appiicadle

Characterization:

Prysical appearance. ©37k-Drown liquid

= . "
Somngpoint  250*Cat 760 mmmg Mettingpoint: 0 *C Densty: 1,23 g/cm”
Baicn ne _ Quantty submmiag: i
Actve ingrecient: _ Dipneny]l-methane-dilsgcyanate (lsomers and Homologous!
Camer. soivent or diluting agent:
Percentage coment of actve ingrecient; 40-50%8 4,4'-/2-4% 2,4'-/40-60% 3-Ring-Tsomers

Nature and quantty of impurties: Traces of phenylisocyanate ang momochlorpenzene

*. gecomposition *2 partial cristallisation

Solvent Solubliny Maximum storr Je timae of solution

vater __Reaction with water yielgs yreg ang €O,
aceione Tes -
maethanol act 2 Y u
etnanol ! # gtnangl

Simelnylsuiphoxioe

information on toxiCily (acute loxicily, oral-, dermal or innalation toxiCily, skin- and eye rnitation,
senstzahon, carcnogencity . muiagenciy, elc.).

Safety Data Sheet
Bayer 044192/04

'$ INe 1@s! substance explosve, iNllamabie, cormosive 29 October 1990

Ctner specal hangling nsinctions

Form compieted by Signature

TNO siugy no L“:T'B'[ ) :—L | [ |

29C0601
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A4

Composition and properties of MDA

DIVISION OF TECHNOLOGY FOR SOCIETY TNO
DEPARTMENT OF BIOLOGY

Egrm no MTB/EG/002
For : Charactenzaton of the test substance
Beionging (o Star.dard operaung procedure MTB/PG/003

Test substance nama or code 1o be usad In repon:
4,&'-graminocipnenyimetrane, 'aporatory proguct

Storage conditions:

Siorage lemperature [N | Mor | roOm temperature |Ml‘ﬂ .
Protostadilty | gooa iw ] Expury date

Characterization:

* delete where appicable

url . 1
Pryscal appearance colourless to light yellow, solid lumps

Bo.ing point Eae; oCal & mm Hg Meting pownt; 91-3¢ *© Densdy ca. 1 : it
Baicn no 5 Quamty suommed: | Tt
Acive ingrecent  4.4°'-gramincgiphenyimethane 99,5 1

Carner sotvent or diuting agert:  none

Percentage coment of aciive ngrecient

Nawre anc quanity of impurnies 2,4'-graminodiphenyimethane (trace)
nigher molecular weight Ol 1gomers (Lrace)

SRR

Salvent Solubllity Maximum storage time of solution

waler practically insoluble
azeione soluble

methanol yéry solyple
eiranol soluble

¢ meinylsuiphoxde runknown )

7107 Tanon on loxicity (acule toxicily oral-, dermal or .Analauon toxicily, skin- and eye irritation
5¢NS1.2a10N. CACINOgENCily . Mutagencily. o1c.)

DIN Safety Sheet
; Bayer 328794/05
$ \7e ‘3! SLDSIANCE @xPIOsve iNllamaDie. COrMosve 3 Decemper 1990

Ciner specal handing nstructions

Farm completed by Sgnature

NCsicyno M T B |

D acced!




R 92/201 page 30 of 44

RA92201IMWija

ANNEX B INDIVIDUAL TEST DATA

Table B1 Number of seeds sown. number of seedlings emerged on observation day, number of seedlings
removed, plant mortality, plant condition and mean wet-weight of the plants at the end of the
test after exposure to several concentranons of the test substances ( mg.kg'f dry soil)

S:  number of seeds sown on day 0
E: cumulative number of seedlings emerged (only given if at least one seedling had emerged
since last observation day)
number of plants removed
C: condition of the plants (in codes, see legend at bottom of table)
M: cumulative number of plant moriality

Foomotes on this table are given on page 37.

Table Bi.la Data on emergence, condition, survival and wet-weight of Avena sativa exposed to TL .

cY | cY ’ chich| m weight (q) | average ll
day 5 7 ‘ 1 14 17 17 | mean| s.d. N | weight ;
| (s.d)?

conc.
mg.kg™! |
0

Emergence of seedlings was observed in the control on the third day.
The glass plate was removed on day 3.
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Table B1.1b Data on emergence, condition, survival and wet-weight of Lactuca sativa exposed to TDI.

cojen|ecn|cn|ich| M weight (g) average
day 9 10 | 15 16 | 17 [ 17 | mean| s.d. N weight
(s.d)¥

conc.
mg.kg™'
0

0
0
0

Emergence of seedlings was observed in the control on the third day.
The glass plate was removed on day 4.
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Table Bl.2a Data on emergence, condition, survival and wet-weight of Avena sativa exposed to TDA.

culich|ch|chch| M weight (qg) average
day 7| 8|12 15| 17| 17 | mean| sd. | N | weight
(sd)¥

conc.

mg.kg®
0

1

Emergence of seedlings was observed in the control on the third day.

The glass plate was removed on day 3.
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Table B1.2b Data on emergence, condition, survival and wet-weight of Lactuca sativa exposed to TDA.

cvjch|jch| Mmich|icY| M weight (g) average
day 7 8 | 12 15| 17 | 17 | mean | s.d. weight
(s.d) ¥

conc.
mg.kg
0

Emergence of seedlings was observed in the control on the third day.

The glass plate was removed on day 3.
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Table Bl 3a Daia on emergence, condition, survival and wet-weight of Avena sativa exposed to MDI.

S E ch|ch|ch | M weight average
0 3 15 16 17 17 | mean | s.d. weight
(sd.)¥

(]

oo

cooco

Emergence of seedlings was observed in the control on the third day.
The glass plate was removed on day 3.

Table BI1.3b Daia on emergence, condition, survival and wet-weight of Lactuca sativa exposed to MDI.

S ch. | en | ch| ey weight average
0 10 15 16 17 mean | s.d. waight
(s.d.)¥

Emergence of seedlings was observed in the controi on the third day.

The gl-ss plate was removed on day 4.
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Table Bl.4a Daia on emergence. condition, survival and wet-weight of Avena sativa exposed to MDA.

cY
14

cY
15

cY
17

weight (g)

mean

s.d.

N

average
weight
(s.d.)d

Emergence of seedlings was observed i1 the control on the third day.

The glass plate was removed on day 3.
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Table B1.4b Data on emergence, condition, survival and wet-weight of Lactuca sativa exposed to MDA.

s|eE|[R|cv E|[c"| E|R|CV|CV|CY| M weight (q) average |
: day 0 5 5| 7 8 8 |14|14 | 14 | 15| 17| 17 | mean | sd. | N | weight
| (s.d)?
conc. I ‘
mg.kg™’ .
0 10 | 10 - a |10 a |10 5 a a a 0 1.37 0.12 | 5
0 10 | 10 5 a |10 a |10 = a a a 0 1.38 D25 1 5| 1.37 ‘
¢ 10 | 10 5 a |10 a |10 5 a a 3 0 1.39 023 | 5| (0.02) |
0 10 | 10 5 a |10 a |10 | 5§ a a a 0 1.34 0.21 5
y a2 10 | 10 5 b |10 b |10 5 b b b 0 1.43 013 | 5
i 3.2 10 | 10 5 b | 10 b 10 5 b b b 0 1.43 0.20 51| 1.37
3.2 100|112 6 | |11 b |11 | 6| b|bBb|b|oO 1.30 | 0.09 | 5| (0.07)
3.2 10 | 10 o b | 10 b |10 S b b b 0 1.32 016 | 5
10 10 | 10 5 b | 10 b 10 5 b b b 0 1.41 0.09 5
10 10 | 10 5 b |10 b |10 5 b b b 0 1.36 014 | 5| 142
10 10|10 | S| b|10| b |10|5|b|b|b| 0| 146 | 0.10 | 5| (0.04)
10 10 | 10 5 b |10 b 10 5 b b b 0 1.44 012 5
32 10|10 | 5 | g|10 | g |10| 5|9 |g|g]| O 105 | 010 | 5
32 10 | 10 5 b |10 b |10 5 b b b 0 1.25 0.31 51123
32 10 | 10 5 b | 10 b |10 5 b b b 0 1.46 0.11 5 1(0.17)
32 1w|1w0|5|ogfl10|g|10|5]|g|g|g|0o]| 117 |]o018]|S5
100 10 | 10 5 h |10 h 10 5 c [ c 0 1.05 0.06 5
100 10 | 10 5 h |10 h |10 5 c = c 0 1.02 0.12 | 5| 0.90*
100 10 | 10 5 h | 10 h 10 5 c c c 0 0.69 0.12 51(017)
~ 100 1 10 5 h |10 h 10 5 c c c 0 0143 0.10 5
320 10 0 0 1 2 i 7 2 h h h 0 0.07 004 | 5
320 10 1 0 [ 1 ] 6 1 h h h 0 0.13 0.09 | 5|0.12" A
320 10 2 0 i 2 i 9 4 h h h 0 0.16 0.09 | 5| (0.04)
320 10 2 0 [ 3 I 8 - h h h 0 0.12 006 | 5

Emergence of seedlings was observed in the control on the third day.
The glass plate was removed on day 5.
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Explanation of the codes used in the description of the test plants

a:

b:
Cc:
d

appearance of the plants normal (control, visually estimated)

appearance of the plants equal to that of the control plants

appearance of the plants not equal to that of the control, they are smaller.

appearance of the plants not equal to that of the control, they are very small and dark-
green.

appearance of the plants not equal to that ot the control. Of the two remaining plants,
one seemed death at this moment in the test, the other was very small and dark-green
appearance of the plants nol equal to that of the control, they are much smaller. The
plant which was classified as dead on day 8 and 12 appeared to be still alive.
appearance of the plants not equal to that of the control, they are less regular in size
than in the control.

appearance of the plants not equal to that of the control, they are much smaller
appearance of the plants not equal to that of the control, they are much smaller and
only very few seedlings had emerged.

appearance of the plants not equal to that of the control, they are much smaller, some
of the seedlings seemed to be on the verge of emergence.

appearance of the pla~ts not equal to that of the control, they are very small and most
of them seemed to be dead.

the plants are gead.

appearance of the plants not equal to that of the control, four plants are dead, the fifth
is very small

appearance of the plants not equal to that of the control, they are very small and dark
green. One of the plants was not weighed after harvesting; it was probably dead.

Emergence of 11 plants was observed. Probably, 11 seeds were sown accic’ “allv in these
test cups.
Standard deviation of the mean weight per test cup.

wet-weight is significantly different from that of the control plants (two-tailed Dunnett test, all
plants are assumed to be independent, p=0.95).
wet-weight is significantly different from that of the control planis (two-tailed Dunnett test, all
plants are assumed to be independent, p=0.99).
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Table B2  Individual wet-weighis of the plants (in g) at the end of the experiment (i-17 days).

Table B2.1a Data on the wet-weight of Avenu sativa exposed 1o TDI.

concentration cup wet-weight (g) per plant at the end of the experiment (1=17). —‘
|__(mg.kg™' soil) |

I E
0 0 3s t 0.920 0.939 1.417 0.908
1.047 0.954 1.005 0.800
1.011 0.953 0.890 1.011
0.946 0.928 1.067 0.918

0.805 1312 1114 0.995
1.257 0.632 0.882 1.084
1.025 1.024 1.064 1.044
0.762 1.128 1.055 1.075

Table B2.1b Daia on the wet-weight of Lactuca sativa exposed to TDI.

concertration cup wel-weight (g) per plant at the end of the experiment (1=17).
(mg.kg™' soil)

0

oOm>» oo m>»

OO m>»
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Table B22a Data on the wet-weight of Avena sativa exposed to TDA.

concentration
(mg.kg™! soil}

cup

wet-weight (g) per plant at the end of the experiment (t=17).

0

oOOm>» o0 m>» OO o>

o0 m>»

A
B
C
D

o0Om>»

0.972
0.918
1.140
0.984

0.794
1.031
0.938
0.933

0.977
0.839
0.914
0.987

0.800
1.015
0.930
0.865

0.932
1.084
0.965
0.857

0.222

0.137
0.042

1.133
0.727
0.890
0.998

0.864
0.852
0.860
0.982

0.936
0.822
1.062
0.949

1.056
0.998
1.175
1.114

0.891
0.918
0.751
0.777
0.400

0.073
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Table B22b Data on the wet-weight of Lactuca sativa exposed to TDA.

concentration cup wet-weight (g) per plant at the end of the experiment (1=17).
(mg.kg™! soil)

1.617 1.587 1.612
1.447 1.074 1.140
1.314 1.374 1.347
1.248 1.384 0.935

0

o0O®m>»

1.456 1.238 1.306
2.014 1.123 1.041
1.333 : 1.596 1.300
1.390 1.421 1.223

OO m>»

1.050 1.612 1.387
1.368 1312 1.629
1.540 1.768 1.509
1.583 1.057 1.608

OO m>»

1.636 1.670 1.596
1.563 1.518 0.995
1.528 1.092 1.506
1.387 1.481 1.300

o0 m>»

0.755 1.215 0.609
0.656 0.783 0.955
0.814 0.953 0.960
1.063 0.977 0.880

A
B
Cc
D

o0Om>
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Table B23a Data on the wet-weighi of Avena sativa exposed to MDI.

concentration
(mg.kg™! soil)

cup

wet-weight (g) per plant at the end of the experiment (t=17).

0

0.984
0.650
0.847
0.847

0.979
0.782
0.980
0.741

Table B23b Data on the wei-weight of Lacituca sativa exposed to MDI.

f—

concentration
(mg.kg™! soil)

cup

wet-weight (g) per plant at the end of the experiment (t1=17).

0




R 92/201

RA92201IMWja

Table B2.4a Data on the wet-weight of Avena sativa exposed to MDA.

concentration cup wet-weight (g) per plant at the end of the experiment (t=17).
(mg.kg"! soil)

o0 o> o0 D> o0 m>»

o0 m>»

A
B
C
D

oOmD>
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Table B2.4b Datra on the wei-weight of Lactuca sativa exposed 1o MDA.

concentration
(mg.kg-! soil)

cup

wef-weight (g) per plant at the end of the experiment (1=17).

o0 m>» oC o> OO m>»

o0 o>

A
B
c
D

o0 m@>»
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ANNEX C COMPOSITION OF THE SOIL/SAND MIXTURE

Composition of mineral particles
0 - 2 um
2 - 16 pm
16 - 50 upm
50 - pum
pm
Hm

In % of dry soil

organic matter
CaCOs

Silt0- 16 um
Sand 16 - 2000 pm

pH-KCl 7.6

Data determined at ‘Bedrijfslaboratorium voor grond- en gewasonderzoek' (not under GLP

conditions).
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